Oil Extraction from Pine Seed (Polyalthia longifolia) by Solvent Extraction Method and its Property Analysis  by Islam, M.N. et al.
 Procedia Engineering  105 ( 2015 )  613 – 618 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the 6th BSME International Conference on Thermal Engineering (ICTE 2014)
doi: 10.1016/j.proeng.2015.05.039 
ScienceDirect
6th BSME International Conference on Thermal Engineering (ICTE 2014) 
Oil Extraction from Pine Seed (Polyalthia longifolia) by Solvent 
Extraction Method and its Property Analysis 
M.N.Islama*, A. Saburb, R. Ahmmedb, M. E. Hoquec 
 
a*Associate Professor, Department of Mechanical Engineering, Rajshahi University of Engineering & Technology, Rajshahi-6204, Bangladesh 
bStudent, Department of Mechanical Engineering, Rajshahi University of Engineering & Technology, Rajshahi-6204, Banglades 
cProfessor, Department of Mechanical Engineering, Rajshahi University of Engineering & Technology, Rajshahi-6204, Bangladesh 
Abstract 
The present study represents the conversion of biomass solid waste in the form of pine seed into bio-oil by solvent 
extraction method. Hexane is used as solvent in this process which forms miscella (mixture of solvent and oil). 
Solvent is recovered by distillation from miscella. The oil obtained was analyzed for their properties as an 
alternative fuel and was compared with petroleum product and other biomass derived oil. The fuel properties 
compared were higher calorific value, density and viscosity. 
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1. Introduction 
Energy consumption of the world is increasing day by day. However, the conventional sources of energy (oil, gas, 
coal, etc.) are decreasing with increasing energy consumption, which is alarming for modern civilization. 
Contemporary geological knowledge, backdated reserve figures and accurate production histories generate 
convincing evidence suggesting that the peak of all liquid hydrocarbons comes around 2010. Economic 
development and prosperity over the past century has been built on cheap and abundant oil-based energy.  
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After the production peak, as supplies decline and prices rise (with rising population and continued industrial 
development for oil will continue to increase ), the world will have to use less fossil fuel or find alternate source of  
energy [1]. Energy is classified as renewable energy and non-renewable energy. Coal, petroleum, natural gas, 
propane and uranium are the non-renewable source of energy. Biomass, geothermal, hydropower, solar and wind are 
the renewable source of energy. In energy consumption scenario, contribution of renewable energy sources are 
around  7 percent. Energy from biomass  is near about half of the total renewable energy [2]. The generation of 
biomass waste in Bangladesh is quite high. Pine seeds are one of solid waste available in our country. Generally, oil 
is extracted from non-edible seeds by pyrolysis or by crushing. Three products are usually obtained in a pyrolysis 
process: liquid, solid char and gases [3,4]. Another common way of oil extraction from non-edible seeds is solvent 
extraction method. The solvent extraction method recovers almost all the oils and leaves behind only 0.5% to 0.7% 
residual oil in the raw material. The solvent extraction method can be applied directly to any low oil content raw 
materials and therefore its industrial application is increasing day by day [5]. So the solvent extraction method for 
pine oil extraction and properties of pine oil are analyzed in this research. 
2. Material and method 
Samples of discarded seeds of pine (Polyalthia longifolia) were used in this study. The seeds of were collected and 
cleaned by washing in water after that sun-dried for two weeks. Fig.1 shows picture of collected pine seeds. Seeds 
were separated from the seed coats manually after drying the seed in the sun light. The dried seeds were granulated 
into coarse particles using hammer. Then the sample seeds were dried on the wood-burning oven, powdered it 
manually using millstone. Fig. 2 shows steps of feedstock preparation of pine seeds for solvent extraction process. 
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Photograph of pine seeds
 
 (a)              (b) 
 (c)              (d) 
Fig.2 (a) Crushing, (b) Seed bark separation, (c) Final crushing and  
(d) Powder production. 
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The prepared sample were taken inside a thimble made from thick filter paper, which was loaded into the main 
chamber of the Soxhlet extractor. The Soxhlet extractor was placed onto a flask containing the extraction solvent. 
The Soxhlet was then equipped with a condenser. The solvent was heated to reflux. The solvent vapour travelled up 
a distillation arm, and flooded into the chamber housing the thimble of solid. The chamber containing the solid 
material was slowly filled with warm solvent. When the Soxhlet chamber was almost full, the chamber was 
automatically emptied by a siphon side arm, with the solvent running back down to the distillation flask.  After 
many cycles the desired compound was concentrated in the distillation flask. In our extraction hexane was used as 
solvent. The miscella, a mixture of oil and solvent, from the distillation flask, which was concentrated, was taken off 
for distillation. Fig.3 shows pine oil extraction using Soxhlet extractor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Results and property analysis 
 
Fig. 4 shows the extracted oil from pine seed by solvent extraction method.  The following properties of pine seed 
oil were measured and compared with different fuel: Calorific value, density and viscosity.  
 
 
 
 
 
 
 
 
 
 
    
 
 
Fig.3 Photograph of Soxhlet extractor 
Fig.4 Extracted pine oil 
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3.1 Comparison of calorific value 
Fig.5 shows comparison of calorific value of different oil at definite temperature. From this figure it is shown that 
the calorific value of the extracted pine oil is higher than the calorific value of pyrolytic pine oil but lower than that 
of diesel fuel. The pine oil is favourable than other oils because water is not added in solvent extracted pine oil 
whether water is added in pyrolytic oil by hydrolysis reaction. Since higher calorific value is one of the  important 
parameter for using the oil as fuel and also for better performance, extracted pine seed oil can be used as an 
alternative fuel.  
3.2 Comparison of density 
The density of oil, being directly dependent upon the hydrogen and carbon content, is related to the calorific value 
of the oil. Therefore, higher dense fuel is less required in volume than lower dense fuel to obtained same amount of 
calorific value. Fig.6 shows the comparison of density of different oil at definite temperature. This figure also 
indicates that the density of the extracted pine oil is slightly higher than diesel fuel. It also shows that the density of 
extracted and pressed oil (extracted pine oil, neem oil, pitraj oil and castor oil) is near about to density of diesel, but 
the density of pyrolytic oil (pyrolytic pine oil, date seed oil, waste paper oil, sugarcane baggage oil, jute stick oil) is 
higher than the density of diesel. From the comparison, it is shown that the density of pine oil is favourable than 
other oils because solvent extracted pine oil contains small amount of impurities found by distillation process. 
Therefore, alternative use of extracted pine oil can be considered as fuel directly or can be blended with another 
fuel. 
      
     
 
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5 Comparison of Calorific value of different oil at 30°C 
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3.3 Comparison of viscosity 
Table. 1 shows the comparison between kinematic viscosity and dynamic viscosity of different oil at definite 
temperature. From this it was found that kinematic viscosity and dynamic viscosity of the extracted pine oil is lower 
than pyrolytic pine oil but higher than the kinematic viscosity and dynamic viscosity of diesel fuel. Although the oil 
having kinematic viscosity and dynamic viscosity higher than the diesel may be used as fuel at different purpose by 
blending.  From the comparison, it is shown that the kinematic viscosity and dynamic viscosity of pine oil is 
favorable than other oils. So, it will be easy to pump and atomize in order to achieve finer droplets for proper mixing 
and hence extracted pine oil  may be an alternative option of conventional fuel. 
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Fig.6  Comparison of density of different oil at 30°C 
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Table.1: Kinematic & dynamic viscosity of different oils 
Sample Kinematic viscosity 
(in centistoke)[@ 30oC] 
Dynamic viscosity 
(in centipoise)[@ 30oC] 
Extracted pine oil 10.43 8.74 
Pyrolytic pine oil [6] 12.15 14.17 
Date Seed oil [7] 6.63 6.9 
Waste   paper oil [8] 2 2.4 
Sugarcane bagasse oil [9] 89.34 107.03 
Jute stick oil [10] 12.8 15.67 
Neem oil [11] 89.79 85 
Pitraj oil [11] 79.65 75 
Karanja oil [11] 86.91 82 
Castor oil [11] 94.80 90 
Diesel fuel [12] 3.3 2.7 
Heavy Fuel Oil [13] 200 196 
Conclusions 
The results of the work can be summarized as follows: 
(1) The higher calorific value of the extracted pine oil is 34.65 MJ/kg which is higher than pyrolytic pine oil but 
lower  than that of diesel fuel.  
(2) The density of the extracted pine oil is lower than pyrolytic pine oil but slightly higher than diesel fuel.  
(3) The kinematic viscosity and dynamic viscosity of the extracted pine oil are 19% and 62% lower than pyrolytic 
pine oil respectively.  
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